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FOREWORD

Thi, report wa• prepared bs the follossing peronnel At Nsithssesterx
Uniserqity

TOM W TILLMAN, Ph.D

RAYMOND CARHAIRT, Ph D.

LAURA WIIBER. M A

The authors are grateful to Riohard Siseetnian, who served as the
talker in preparation of the magnotec tape comprising N U Aditory
Test No 4



The N U Aiditoiy Test No 4 io composed of two listo of 50 CNC toonosyllab

-orit' cod' that -d-ocnr to the phonemic balance odoocated by Letoste -d Peteroon
The hito ere . •.i. n toie to thee iifterons oupo of I sob.ectt-tbose with normal
hboomi, thS-e o th condoctioc lo.e. and those with onsormeneal losse- Duoin
each te~t -in presentation leiets of aecondi.g .ltenoities i•e used, the t-'i! oanoe
being from -4 dh to +40 db nenration co1

Thb thSlu tSp, p 'f sobmIto slden,,d itioulatlon fonitions if the .o- 'hope,

but She fonctions for •esoineomas. cere of gentler olopet•ta for the other too
roops The diserimination sore tor ist v oee s•hitly higher than for lint II
roeing the etoit, the di.cmnmiattos seoreo improoed .ightl SPoocr bteteen lIsts

ao sell as those from tSct to retest shobed relatielt) high positioe correlation
Therefo•t the . U Auditory Teot No 4 seems ', be a valuable toot for the measure-

ment of phonemic disnriminitionI

This techbictat docomentac neport baa bees ceotned a-d in approved

EOBFRT B PAYN
Colonel. USAF, MSC

Chief, Op•cotions Dnvsoio-i

..... .....I....



A TEST FOR SPEECH DISCRIMINATION COMPOSED OF NCK MONOSYLLABIC WORDS
(M.U. Auditory Test No. 4)

I. HISTORICAL. BACKGRIOUND) rnacv sshich stat proposed] to, 1946 by Walsh
and Stitermot (20) andl sa, elaborated he

The technic of measuring dis(rimillation for Oat is in 1948 (4)

mono-.' labic nords has foond roan' applica- The titersenrog tear, base tlooght thi te

tions% in audiologs, both is reset'h ,liad in hJl(e opnintishaeftsigfr

clboieal practice The pioneer effort-. of Flet- speechintdesligitiotit-.tN hspaeittsri o

tIter antI his a-.-oirtes at the Bell Tteimho-e tsc oetghtt

Laboratories estabilisheil the pr eceitent-. atnd First ineasriersetit of it( roi,i.,a tilO~ for

Isoti heil the con~epits ssld br pIersit toitat% (9, -percin ha-. tiectinie recigi-era a-. a b..-.e iiag-

10). bitt it %%sas the et olotiori of the PB-S)O lists r1iotic technic, aini) test milerials has c been

at the 1 rt ho-Atoutiiitc Laioeator) it the early tdnetittiri it mtirt tanigitage-. C titicitts bite

19401 is hich -as the tdtrect iutpetuI to ttetelop- aplipeid ittese otaterirIsl to soch iltselse tasoKs as;

.. rt (if ltre-.ent-1tt r l otPrsediires rrt, this phaie rtifteretrtiartitig tetieleti cinutisiei enoir enisori-

of sipench atdittrnetr 1 5) The specild featores nieuiral rritxri meutt (201) ttetecmirtuit a

of the lIB-5O lists are that they comprrse 20 piatient's -sitabrjrts ttor titoisge at geti dag

tiatchel andl noripltipatieartt esnipitiorts of roio-ttg U N S tesitons itt the asidit(ir ss -tem

50 -srdi etch. th~rt the 20 lists .rre celatisely (1t), etaluaiintrt Pt .tttieat Csmarf1tiitite tin-

etqiitralent to one .rnother - thart ar measuire of parrrmettt L. oidt issginting niitlicotrg.il rit-

tliscriminators efficteocs tin be obtainetds ith togs of di-lsaitit in herring (19)

at single list. antl th,it etch setlsertie of 530 nords
apliroimites the phbontietc balance oft Errglrh Secortit, meisret1iiett~t Of ditiseamliitt

for speech has heesnie at piicetduo- te-s coot-

These featoreI ipperleil to clinicians, in the morit iii tere ch ol r the .iritirti firrittiris if

rntlitarrp programis for aratrl r eharhrlrtarton itoth oiirnit hieatir, i acs rolter-ti-. stith .tatitttii

sihich o em actrs e ttiritig Wor hI War iI There- rilipiiroieiit-. Sitei, hsrsr hh- iigi

fttie, thle lB-5O lIsts tele qtrickls itdopiterd ill tiiiefrine (lie s iriabtes tiriierts rg the tiniki-

toe nirltir programs is as totil for as-e-.-.ng standinitg iif speech Some oft it ha-. atticleit

herring inipairmenit ct for selectiitn of hera- nierstiremetit if stireet ittietligihitits Itt Otattiin

ting atus (2) The tri~otrorr for these cliticil crlter'Itit attal~ it titcltriiitti itnfoiemaiitio sit

ippliit itrti es tiled itt pairt from expiter trte rse~ftr It suitijet, O tli ss itm tither Cre~ts tif

Ol th laitge pioplas~tionts tif hirttof-hearrrtg hiertigr lieh~kisit isere the plime toicsie- tit.tk

servicefltet (1) Itits r softidirti-tio oft -iotitil Ithese tiso sesý nato hrotignt it, a

into
1 

pwtiriie tiotk otgtnmunci of the thuitit- siiltst .0orr .iccirm~titnitt itf kte1-steige t'g~iril-

ting of ie-.emtrh gr sa~lts esltetlite oft t hose ait tig, fractor-. shIch ttct tieciottt iii 1-er ccistrg

the Ist cho-Acto~stie 1-iborattir s atti it the otttssIati trdil antI tithir tyte-. of - 1 ee

Centrit rInIstituite oir tLc lDeaf A tritettorthev nitilerial

e\,tnilde or the het~etit-' -.l. rugo 'nton. this br.otdi-ladevrlepren
c-it I irterltctiiir teitteeti cinicitti .inl] theit- hitltthctialtiitettrieleiect

risis is the cititelit oft the hlite\ for SocirI Aite- ti th fill-origritil old.(i stil ist, reseaitei
ltnritaitn tori.st Oiigitiallk puttreciateid ltr eN-



''Is ii to fect the performance of subjtcts tphonograpih (lists, aind the commercial qualit
with restricteit -e.ial~ntlries Realization of of these istis has ait times been poor
such linotaticli, trig'gereid ettorts to improve
bioth the material them,et,'e, and the method, Someý critic, of the WV-22 test have adopted
,V which thee are presentedt One outcome has ether material, for purpose, oif measariitg
been the dlevelopimeint of ,e% rai new tests phonerme'h1scriminatiiin Some have torned
'I hewe te,,' i 11 to tPro categorie~s tOne type to the Fairbanks Rhyme Test Champions of the
coii,i,ts (ii reii compltationsi iif word, which rhynme te t feel that it ha, a spieciat adlvantage
mainta,ii the same pattern of phonetic bailance because it is very spiecific in the phonemie (Iii-
isedit the originali~i: ll-isti,t ' hit tillýK-5)i tioctioosItt -riser the subject to make The

test Ii's .l In lita'bin (tt) isone esampte rhyme test ha, ieverat limitations, however,
Oit this appiroac h, w~hile the WV-22 test recorided which have kept it from being, wvidety aitopteid
bv H irsh and hi, aisOciatcs (12) 11 ,ts tiest These disadv antages are that it onty piroties the
known -I esmtie 'the ecionit totie of test is itiscrimiiiation of consonoants, that it, test items
-)ie which e-oplo- new patterns if phonetic comtprise a matrix that is toil restricteid, that
blanice ta-eu oii a revlicrd criterion ot what the numbier of alternative version, avaitabte i
that Idive stiiiulid bie Iie ivou untew~orthy nut large (tuartucuitarli' siiice tue felt calls tor
puuitocts o thisiuluproach are the rhi nie test b% muiittiple Jhuce re,poiose,I , and that the reta-
Fairbaunks (St anud the tLehu,te-l'eter,on ('NC lio- ou~suif measiire, woith thc rhyme test and

list,(, 16) Itu loh these ,et, o1 material, with 1'1t-70 type matermia ha, bicen estabtisheit
-un'-it Of mniioistatuuc ,,ird ist t, emptoving witth oiity moidetrate dtefinitiveness
In items a, the tiasl iest unit In thi, respiect
this% 1i cierse toe tattern foundi in the originai tPeri, v i- db ioutit the ii isitom of using tkc.
I'l-Sii list, .,to! their suiccessoir, neigivat l -~ lists, thi WV-22 lists, or the Fail-

batiks Rhkyme Test are aittracteid to the CNC
At present, mane research wocker, anit monosyltabic uort tist., which Lehiste andt

cLun11o ian aile Uncertain as to which of these P'eterson itevelooiei The latter tists have three
Narm~s, tests to choose tor the pulrme of major adlvantages Fiist, cairefiit anaty 5i5 of
,ticich aoutuonetrN All these tests have three tihonetic, phonemic, ato[ltingoistic con~iitera-
tuaic, features fit common namely, thes empiloy tines lit 1,ehiste and Pieterson to restrict their
Sit -r,iu pet. i block of test item,, the% inctuot test item, to nionosvltabic wont, of the CNC
uuuut nionuusvttatule, ando the% incorporate soime variety-i e , words composed of an initial con-
fiirm of thonetic or phoniemic batlaice The sonant, a viiwel nucleus, anit a finat consonant
quoestion ot choiice must therefore rest noi their Seconl, eaich tist of 56 CNC words was edited
merit, is joudgeut from theoretic cosidoerations to achieve the phonemic batance which charac-
Or is resealet tiv extierience terice, the corpus of 1,263t monosyltatiic worts

from wýhich the CNC listt, were itrawn, rather
-ine clinicians Anit recearcher, favor thc thinl the phonemic ,ti-octure of English o, a

W-22tes beaus somuc clnicl eperenc %shole Thus, these tists base incrcased face
ha22tst beeaccue omucae ih cit nica becasine it aliilitv fin that they are representative of the
ha, been aujccmttet w'th iubt.nitU beaive it specific ty ti of materiat from which the. test

-rins vpe (, 7 15 1) [ fattheW-2 iems tnemselese are ulerineu In the thirit
armi, vtis (i, . 1, P) tt fict th u'-.2 place, Lehiste anit Peterson tonk precaution, to

test is useil lby the Veteran, Autministratioun assire that the wont, they a~eit were as famit-
ait hi the majority if Anutiuutgic clinics iii the a'r as was practical (14, t6) lIi view of these
countes Other wvorker, idistrust the W-'22 ch iraeteristics, the Lehistr-t'etereoo lists stanit
miterial, because these miterials have proveid as materiails which appear to have high p, ten-
relatineli easy for most listener, aind, there- tiat as measures of speech intelligibility
fiire, ilo tnt, iifferentiaitc shirpli imong miomr
ideficits in .ibitits' in phoncmic disicriminatioii -%t the morneet, the problemn facing atitone
Moturover. the W~-22 test is availahle only oil wishing to employ the Lehiste-Peterson tent is



Ltck if information ais to t'e reliabiitts and ,ere made to confrm rigorously to the
tiiteichangeabilhts of the ten lists which cern- phonemic balance edvocated by Lehiste and

p,.-e toe-e materialt This limitation becomes Peterson They obtained this pattern of
particularls restictlie whei their uoe .s con. phonemic balance by extiacting all the 1,26S
templated in ,s..rch project that re ulres monosvliables in the consonant-vosnel-conso-
man% measoiements of phonemic discrmtna- nant class which are listed b> Thorndike and
tioni under cioaeli allied circumstances Lorge (18) as occuaring at least once per

million ,ords lehiste and Petersan deter.
The fciegoing limitation %%as the inpetus mined the fiequency of occurrence of each

for dene
t
•slrent of N L Auditoi% Test No 4 initial, medial, and final phoneme in these

A ituatian deseloped oheie the lesearnh group 1,263 monosyllables The> specifieu that each
i the %himtoin Rese.aih Laboitato•a at Noith- phoneme should occur in a single lti of 50 con-
n-stekii insetjsts needed t-o highlt eqtniva- sonant-%osNel-ionsonant snords nith the same
len, faot a- of a teit of phonemoa (isti inminatioon incidence as it exhibited in the total list of
The denision n•a made to use . test of the 1,263 snords They then proceeded to construct
Lehiste-Peteioi at iit, T- v Ih t, sould have ten lists of CNC' `ord, according to this plan
been ch-ien arbititihj foi this pirpose from These lists N\ere published in 1959 (14) The
imong the tell published on Leliite and Peter- 500 words comprising the tell hlsts aere select-

son Befoie these ti•o lists couil have been ed from he original pool of 1,263 CNC
u-ed itisghtfulln hobssenei. it nohiil hase been mono tllables
ie(esasv to subject them to extensive ex-
peiniertal studi for the purpose of defining The first step in deneloping CNC lisits con-
their reliabilits and interchangeabilitv Since forming to the Lehiste-Peterson pattern has

a•l~h satibstantial taik nas unanoldable. it Nas to make the tabulation nhbch appear, in
piantial to denelop t-o neo lists and then table I This table shoos the number of times
subject these to the aforementioned analysis each phoneme is to be used in order to preserse,
The lattei coUioe nias chosen becaunc Lchiste a, closels as one can in a 50-nord list, the
and Petei son had found it neiesart ill compos- distribution which characterizes the 1,2b6 CN(
ing their ten lists to den ite slightlv from their nordN that Lehiste and Peterson abstratedd
original plan for phonemic balance It -cemed from the Thormlike and Lorge compilatiou
netter to start all nlnestigation of lehibility
and interchangeabilits tith tlo lists ohich The setoild step `has to eNolne too mutuallb
nonformed piectoels to this pattein than to exclu•-ie groups of 50 nholntt that con-
solk ioth less penfect exantples of it The taited exictly the distribution of phonemes .tp-
deci-iat o-'s thetefote made to pilepare t-o perting in table I These t-o neoN groupings

niess lists .nd to designate them as N U of inordn ale epoitled in taible It Thev have
Auntlor> Test No 4 been ilesignated as list I and list 11 of N U

AuItttoiv Te-t No 4 Moieoncc, All but f se
The ditic soan nihich follonhs repoiti on the of the 100 -isrdi. thus issembled, snero chosen

deielopment of tl,ese tio nesh CN( lists, 05  froti the 500-sOlid pool (onitpitisg the ologinal
s. itbes the plepal.tion (on magnetic tape) of ten L.ehiste-Pete. son lists The lemaining fine
six alteinate folma of each list, and slum- inortdl .itt nppei in the largei pool of 1,26.1
mý,rOz espelt "ei mi tlnteed iLt tI as i0 n on's

reltabil•t and othet fe.ttutes of these nesn
materials The third step `has to r mdonize each of the

nen paient li•st •ix times Tb landomizatnons
2. NATURE OF NOIT AUDITORY hthlbch ee thue s at hand snere subaequently

IlEST NO. 4 iecoided on magnetic tapte
tihe (NC nord lists

A, aleid% mentioned, the tnso parent lists ,,,-,t..... , ,

deeloped in s Nolt 1itig N U suditorr Test No 4

3=-



TABLE I
The propoottonoo (p) of incidences of phonemes uhleh constitute the
LU.'stf-Pcterson patern of phonemie baotoci foi CNC voids and the

utmber (N) of ich sions of each phonemo requioed to develop a single
tist of N U Anditory Test No 4

Imntial nn i V-0 -uteus F.. FP co... o.n.nt

Sc__d . 1. Sound p = jodj _ , =N

p 0042 . 0832 4, 0564 t"
b 00508 1110 5 b 0264 1
t 057 , 0942 5 i 1102 0
d 0594 0 E 0744 4 _ 0770 4
k U68 111 5 k 0018 4

9 0126 2 0004 4 0 0592 2
05 04 0592 j 0542
04,,0 2 062" 1054 5

f 0452 6 l 573C. 1 0208 1
o 0182 1 U 022 1 t 0010 2

1 445 1 a 0506 0 0208 1S00o, a' 027, 1 0240 1
3 o,,o a' 0730 4 6 0090 0

005 2 0q 012n, 1 0 X40 3
4 045. 2 0502 I 0'9 2

44o7 0 4 5200 1

075, 4 0610 0
td1 00G r 0028 3

032 2 1 102 5
Oh 00, 0 14 0ol 1 2" 4476 d 02400 1

4 0150 1

Befoie detsribig the procelure employed t1ons of .orOc in each tet which fall 05o each
in -eoritrg Nt Auditor5 Teot No 4, a of 'esen classes ol ttmillarlty It 1i Im-

fuither comment must be made regarding the mediateto appalent from the tante that the
It.-pitlion of the t-o lists When the3 slere relatvoe dtetrnbutlon of trot uordt mforig these

being Comt455ed, no pl4eolat effort 0a0 made to ol.'•se, is about the aflen for the two N U
equate them to one alintier or to toie Lerste- lIMs .-5 for the 4et.Age of the Lehlute-t'eterson
p'eterson lists i14 term, of ssordI f.nhularAtN 1e010Ol It is fuithermore altparent that these
This l'l"or 55.4 not originallyt' considered by seoeral It... cot oltsv include a ouzeable
Lehisle .,rIt l'eiei0on (14) Slilce they hawe fractlon o1 sers 0ommon ssordt, but also en-
suboeiuenth r c sed their lists, hosseser, to otomlpa- ., %0044e Id.lng• if famlhtilrty
elimliniate some (Sf the mole uatf.nilllal Item,
in their orIgiia)l Lonlpilaton, It Is inte1estint Iteuording the ('NC lists
to note hbos N L Audrtor. Test No 4 con-
forim in this ie07.le i to the res l~iot Takble ItI The .a)|ttr.stu- amn(t piooeausree employed in
,stouss thi, onila .,i l 1b% reportlng ,te pitopir- mat-',,ig the lpla0ent recorditg of each list iatttmiltm4



TABLE 11 the N U Auditorv IleoT Nn 4 ire describedi a,;
lfrrhetbttOm 1--dilo 00fo CNC rmoorrrrrdtbtc urfouti

elsd .c.... I ....,n 1W,t I ,,d 11 ON NI
A. h- riTr,; T0 No A crodolnsei microphone (Weote,n a lectric

6-bAA Serial No 1039) toan mrounted io free
I ~~t ro h rthin alt acouosthc boroth (Ondusti ial

maO'1 ret 7t,, n_,~ Ar ounto, ConipaoI Inc, Motlel 1202, mith
front -4 1 od1, 11.b Insidtooe rtrnrettao'r of 5 ;b, 6 0 to 6 5 feot
burn o I -uht 1r The oricrophore Ia,- dietricatlu coopted to a
,h,11 no, In,I -ub rxithrute foltorter ctrcait (W~estern Electio-
dah"- p-o i-,r Nd' Aucootirat Lairotiatoro Preaurplifier. To ie E).
dIre' ff-tt dulr I,' Mrtuinh itt to, i fert a1 (oortetri ortcropiotte

d r o, d- dý Iro cron~l~eoerrt (Westeern Eloutrr,-Acrrrrtrc Latoria
g 3. d , rr rod trrt % , Tote INOD E) The ourtpurt orf tire con,-

Iot rrP I tt "A, rte-ei orur orhroe impollemlenrt or., tlrt thr ougih

I,- . 0r ,H , -d a streech aurtoorneret (Ph .roor-Starrtei , Moret
h,h'r I n t- uon ohu, k' 162), O hro~e ortlro' fert a sirrgle channel of a
h,-,r. or r tmor-btrk airtagrretrc tatre recoldrei (Aorpzi,.

hurt' .oh PO Ot ltrrrel M5-2)

ur, hrtd 3oo. t A utile tather. 2f tear, rrf age, ooio rr"cs
orro tr, ut, rrrre Gerretal Anireriror rirareut. -11, chro~et trrutreak

krrr togh tre rurrr the test ririte-1i, Ile r"t' rtXtelT d Ilclr it br

raud rrr r I r~~r, I rrroitrrrtriottd to co rre tet hrrr of ,pefecht idirt-
trn b ",Ir re rrrt, olreti o t, addtirlrrrr he orr goerr arterquate

t,,t ,rhrr I I,,rr nrrr ioarttce rri~h the N U. Audirt-t Te,,t No 4
C' or J rat, rur before the frinal r euri rung rrf it, to- tist, ro,-

At.,, ,ro t , I. -'- rrrrrWto U..; - Doin rg tir' latter Meolirnrg he

TABLE Ill

Droiirrrntio,rr fi-rtrttrr trr/I inn re ort r orrr f thr CVC rr.....r.t... trI
irNo I ArrrfItrr Ti rt Nrr tn o,ri, tfrr rI zru-r Llrrotrfi tr' or,-, trot

I tAutl,, .Tr~tN. 4 A- IM I

A ae-trrtrrn -, -oj trr0t qr~

If-, ih IIrlt, trt.........r
..r.~ rr~ I rd ........

lthiorro '10 - .......

It rI,.., d.7

101,0.rrrror

"ro Irr t ,.,rds t



spoke into the 640AA microphone at ain in- the orig:".' reiordiiig hid used the iiorit orider
tvr-'t, 4,t sufficient to cause ai deflection to for form A, one copN -is, retained oithout
-- .3 lb on thue VUZ meter of the speech audi- change The other fice copies icere reorgainized
on'vter this deflection was achieved wchile into the remaining five coiders of cord scram-
a staindardcl arrivi phra-e, "Sas the word -," bling The firot step in folevarcice another fortr
,ia tcetiig saul The test item tolloNei the scas tit separate its compot'ent items by cutting
,,,itrier lihiase natorallý as part if ai continuous the magnetic tape into short segments, being
utterance nithouit ait attenipt to monitor the ceri carefoltis leace 4 3 seconds of "silence"
test item to ati particular level The talbri as the leacier to each itern The list icas thcti

titeseiied den., at intercals of fise se~co~ds reassenitlei itt the neii order by the laborious
Aui assistaint helped the talkcer to niainitaiii the process cof splicing its 50 items in the requisite
proper timiiig bs lopping hin, gentlc oii the succesion A,' a final stetp, the companion
back esers fice seconds The rardomizeit forms iif the too lists tilus a section iif theo
sequence .,f each list idesiginateid is form A 1000 cps talibratuon tone -rre spliced together
cias emplo eit Both lists scere recoadieil oii The i esuttant conmbinationt of t-o lists ancd the
the s-ame das, on the same talie recoriler, bat calibrition tone itoistilsied a fini-hedt migneti(
oii separate magiietic taipes In addition, ai tape For es-iple, the mignetic tape cairr)-
1000 ips ono-cou msta recorideid ableat of etich tog form B ouisited of the cailibratiton tone,
list as ai cailibraitiiin tone The tecel of this list I-B and list 1l-B
tone ,is aitjisteid so thaii it, too, a,iueila
defleaitin iii - 3 dlb ont the VIU meter of the t he si% magnetic taipes thus aissembleid aei
Co -os-Stutter unit Iini lder tii asNdu ,,final the specific maiteriails empto' cin th~e ,inaicsis
tug the tape, the recording loe

1
e scas aitjusteid of N U Audlitor% Test No 4, sib-cth is ilescritmit

tii tiriodce ai ilelection of - 20 db on the VLt mi the ren-u,,oer ot this reu~tt

nuett ofthetaperecoder3 31ETHOD OF EVALU.ATION OF N IT
Recording spondaic mords AUDIITORtY TEST NO. 4

In order to icase a~iilaible materiail b% the Adm~inistratlin of lists it selected
tailhcr ohich coulit be uicd toi estatlhih presentation lecets

speech reception totesholils, it -si dectided to
preliaiie too raitiionizaitiotis of tO0 spondl o The eilut-slenre hetocen list I and list 11,

uorils The Ico seiies Nvere ietorieit uoith the their test-retest reliabilities, aciii other chaiiai-
csanto equipmenit aind ait the same lesel re ateristics of N U Auldrit Test No 4 a, r

1000 cps cailibiaitioii totte ,is thait iiseid in fire- esaluatcd vii thire groups of subijects These

tialing the niagnetic taipe c(aircing the N U siieh, e 5 ci lb persnos %c lb normial heairiing,
Auditoc s Test No 4 The time iiite, "al be- tO cc th conitlctice impairments, indl 16 0 ith

tccei suces'SC ponles sisfic sciols In sensormeneral losses
this iiistaiie, hioccecer, the cau rier rhr,ise -ias
omitteid and eaich sponct]" ois monitoredi - The bai.sc tprocedure in gaithering dtata N5S,i

di~iduliallý to the stdindacritieei meter reaiding to see each subject Issue Ducrting each of these

of -- 3 itb sessionis, botn lists store adminiitstered to the
subject -is hiei, ".och utice-nie presenti-

P'reparation of alternate forms of lists toin, as at a higher itteiuslls tesel, but both
lists scere adtministereid at onie lecel before the

The rcsordeid Seisicin oif N I Auditory transitioin Ia the nest higher tine The pur-

Test No 4 -ca assembled in fise additional Pose in this Alaiurstep pirocecdure -t~s to ,iltuuc

forni,. or randolo'oatiotis. of each list Tee 2 plottiing of the aurtiuc'lation funstctio for eaiih
ccere ide-ignatedt as I orms B, C, D, E, and F list ccith .cs little cicctainicnatitcn friom puractice

aind leacrninug ,isotussibile This goail %%.,s
The tuoceiloe easploveit %a~s %cery sinuple achuesoit hi hastig thc f r t. presentation att

Each nuas'er list ýas copied sn. time- Since such a limi leset that ionl the most audible
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items nete understandable The fact that degree of hearing loss was made from chnicall
these nords had been received correctly or the records, but suitability was confirmed at the
first presentation had no effect on the next time the subject came in for his first experi-
score since these words would have been under- mental session At this point his pure tone
stood at the higher level, irrespective of the thresholds were established for both air and
earlier successful contact with them Of bone conduction His speech reception thresh-
course, a new group of words became under- old (SRT) vas also measured Only subjects
stardable at this higher level It was the whose SRT's were at a hearing level between
additional success with these latter words 20 and 58 db tre- 22 db SPL) were retained
wnhich nas responsible for improvement in the Moreover, a piopective subject was rejected
articulation score after the transition from if his bone conduction levI in the 250 to
the first level to the second one The same 4000 cps range showed a maximum loss of
principle, now true for a second group of new 25 db at two frequencies or more than a 25 db
nords, operated at the third presentation level, loss at one frequency The patient's unoperat-
and so on ed ear was selected when such a choice was

necessary. Finally, the subject was required
This procedure did not eliminate guessing to be at least 18 but not more than 50 years

when a subject perceived part of the phonemes old at the time he participated in the study
in a word, but it kept him from being alerted As it turned out, the mean age for the group
to the existence of specific ioerds an members was 38 2 years Seven subjects nere male
of the test vocabulary. and 9 were female

The sectins• ushich follow dnscribe these The 16 subjects selected for the sensori-
e.jects and procedures more fully, and then neural loss group were persons who had ex-
review the findings which emerged from perinced progressive hearing loss during
analysis of the articulation scores thus (od- adulthood The) sere all drawn from the
tamed diagnostic categories of sensorineural loss of

unknown origin, familial sensorineural loss,
Subjects and early p-esbycusi% These types nero select-

ed in an effort to avoid subjects nith special
Normal hearing subjects were procured problems in discrimination such as are eni-

from the student population at Northwestern countered in Menmere's disease and V1llth nerve
University, whereas the two grasps of hearing- tamor As with the conductive loss groap,
impaired subjecta were drawn from persons final decision to include a subject nith sensori-
who had been seen in the Nortoneatern Uni- r-ural loss nas based on his audiometric per-
versity Hearing Clinics formance at the timl of his appointment for

the first experimental session The reqaure-

Thirteen men and 3 nomen comprised the ments were that his air and bone conduction
normal hearing group Their mean age was audlograms interweave, that his better ear
22 9 years and they ranged in age from 18 serve as the test ear, and that this ear exhibit
to 31 iears The prime requirement for setec- a speech reception threshold at a hearing lenei
tion was that the subject have one ear which between 20 and 58 db re 22 Oh SPL. Each

was better than 10 db hearing level as deter- subject was required to be in the age range of

mined by a pure tone screen over the 125 to 25 through 50 years The mean age of this

8000 cps range., The nontest ear was not held group was 429 o ears, and she sex distrbuatioi
to this standard sisce all measurements were
to be made monaurally Test procedures

Only subjects known to suffer from cl-ueal Each subject participated in tao test scs-
otosclerosis ucre sudd !ý the conductive saons As already mentioned, these sessions
loss group Preliminary selection in terms of were identical except for the fact that pure

-7



tone aud.ometry was omitted in the second at which these CNC materials were adminis-
session and that the presentation level for tered The orders in which the two parent

one pair of the CNC lists scas altered as tists were pieseptea were counterbalanced, half

described below the subjects starting with list I and the other
half vvth list It Each list was presented at

The sequence during the initial session six sensation leNels namely, 0, 8, 16, 21, 32,
began for normals wlth the pure tone screening and 40 db Eoth lists "ere prescnted at one

test The sequence began for both hearing level before t
t
ie ncxt higher level as entered

loss groups with the establishment of pure tone With-. this fcamework of alternating the two

thiesholds for air conduction and bone con- lists and cumulating the presentation level, the

duction by the llughson-'Aestlake technic A arnous forms of each list were employed in

Maico MA-2 audiometer calibrated to conform random order As a preeaution against os-

to the NBS norms was used as the test mistru- taming response through [he nontest ear, 60 db
ment in all these measures of effective masking was delivered to this ear

in those few instances in which the presenta-

The monaural speech reception threshold tlion level called for in the test ear exceeded
was next measured in each ear The subject the SRT in the nontest ear by 40 db or more
was familiarized with the list of spondees in As already explained, the plan of progressing
advance of any testing with them This from a lon sensation level (0 dh SL) to a high

familiarization ýas accomplished by having one (+40 db SL) wa% chosen to minimize
him repeat the spondees as these were read contamination of discrimination scores by cor-

to him by the tester in a face-to-face situation rect guesses based on knowledge of 1t1e te,'

Actual determination of the SRT involved items The afionale is that an item wtikh is

presenting the first of the recorded spondees heard correctly at one level will also be under-

at a sn.,atlon level oa approximately 10 db stood at higher levels, so that a subject's score

and then descending in 2 db steps presenting should not be changed at one level by the

four words at each step until the lowest level fact that he had already identified some of the

was reached at which either two out of the items at Iower levels The inital session ter-

first three or two out of the four spondees minated when toe t,'elfth int had been ad-

were understood This level was designated ministered at the ÷40 db sensat.on level

as the speech recept. i threshold The mate- After an interval of one to two weeks, the

rials used were the two recorded lists of retest session was undertaken Here the first

spondees mentioned earlier This material was step was to establish monaural SRT's anew

reproduced thaough a speech audiometer The same ear was retained as the test ear,
(Grason-Stadler, Model 162) calibrated to con- but presentation I,,els for CNC materials were
form to the AbA norm wherein 22 db me established in terms of the retest SRT for this
00002 microhar represents "0" dh hearing ear Again, the two lists were presented at
level A tape recorder (Ampex, Model 601) one level before the next level was employed,
dehlered the test material to the external and again, the pattern of progressive increase
input of one of the channels of the speech was used This time, however, the first pres-
audiometer In e~ery instance, the level of entation ýas at -4 db sensation level, and the
the 1000 cps calibration tone which accom- sequence thereafter "as 0, -8, +16, +24, and
panied the test material was set so that the eo32 db sensation level, Moreover, each sub.
VU meter of the speech audiometer registered ject received the lists and forms in exactly

0 db the same order as he had during the initial

session except that the forms originally pre-
The next step was to obtain discrimination sented at ,-40 dh sensation level mere now

scores with the 12 scramblings of N U Audi- given at -- 4 db sensatmon level - Finally, the
toi, Test No 4 The speech ioception thresh-
old for the subject's test ear constituted the "ec,-idcb -. i i1 w] w [ -ri5.,floth s1 s,

base of reference for setting all sensation levels ,.

,. In i i llll i • / illi



samte rule was followed for using masking to level The four articulation functions that can
aoid hearing is the nontest ear The retczt be derived from these two tables aue illustrated
terminated when butt lists had been presented in figure 1, where 'he funct,ons are plotted

at 4-32 db sensation lesel from the means of scores obtained for each
list during each experimental session

Articulation functions for normal

hearing subjects Figure t reveals that the two lists yielded
essentially the same slope of irticula',on func-

Table IV sss'rzsthe data obtained tions daring the initial session and the retest
with normal hearing subjects during the initil run These curves are displaced from one
test session, while table V reports tne com- another slightly on the horizontal scale, but
panion information for the retest session their parallelism is unusually good They fit
These tables report medians, means, and the same configurational pattern with defini-
average desiations of discrimwation scores tiseness. thus giving one confidence that they

senarately for each lint at each presentation are valid description(s of the way performance

TABLE IV

Discrimination scores obtatined with N U Auditory Test No 4 for sub)ects
uith normal hearing durtnq the first test session (scores repr•sent

percent of items correetly repeated)

Ifensasns l I r List I f ] List 1i

of presetatia
5

on* 'Id- Me I Aver-.e Average

f I o a0 27 21 230 99
+ 8 78 758 75 ?3 694 11 5

"+ .. io 990 12 10 l986 isI l •+'.2 100 999 [ 02 100 998 05

+40 00 999 02 100 998 05

TABLE V

Discriminotin scores obtoined with N. U Auditory Test No 4 for subjects
wtth vormal hearing during retest sesein (scores represent percent of

items correctly i epeated)

L.st I Lint 1i
sensation level

p MSdmo Mean demution Medan e deviation

- 4 7 70 4. [ 2 10 395 30 344 it8 20 5i 5
0 1 34 112 10 231 8

+ e 77 781 86 79 7ý50 90

+16 95 940 41 94 94 4a1

.24 too 99.3 I i '00 99i 5 0

+32 100 99- 0 0 9919 09
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lir another guise when one considers the
variability of scores at different presentation

to, levels This variability was found to be large
within the linear portions of the function.

so Vari.,'dit, decreased progressively and dra-
-maticahi once the level was high enough to"•I saturate the performance with correct re-

70 sponses The situation is exemplified by tle
average deviations reported in tables I and II
At sensation levels of 0 db and ±8 db, which

I lie below the threshold of saturation, the
S50 average deviatiosn range from 7 5 to 11t5¶,

o At the f-16 db sensation level, which is at the
point of partial -aturotion, the average devia-

m tion drops to 4 1 or less As the asymptote is

03---'man non approached--i c, at +24 db sensation level-
•--s.tn cTan the average deviations become so small that

IM x % they are less than 1,' At this point, varis-
no bility aotong scores for normal bearing subjects

tI is undoubtedly assignable to occasional errors
due to lack of attention and other secondary
factors

0 sA L s / Although, as previously stresed, the gen-
eral shape of the articulation finction did not

FIGURE I change from list I to list II nor from test to
retest, minor differences did appear in con-

Mr.W urisnintion ff.nct onn nsldcd by vn.n-hesr- sequence nf both variables Before discussing
g.q .....• f) I,- I -~d 11 d,,,,,,, bob fst -dM ,fo these effects in detail, however, it is desirable

to note how, if at all, the basic pattern of the

byi normals on N U Auditory Test No 4 Is articulation function for N U Auditory Test
related to presentation level No 4 was modified when the test was ad-

mlmntered to the sub-ncts wIth conductive loss
The o, tstandintv feature of this pattern is and to the subjects wit)i sensorineural loss

th-t it ar'-- io represent a linear function
which undergoes saturation at higher signal Articulation functions for subjects with
intensities The losser segment of the curve conductive hearing loss
is linear anti has a slope of about 6', increase
in, dis.imination score per decibel increase in Tables V1 and VII report the mediars,
presentation level This linear segment ter- means, and average deviations of the dis-
inmates at sensation levels of about 9 db, shere crimination scores yieldeit by the 16 subjects
discrimination scores approach 80'. The up- with conductive loss employed in the present
per portion of the function is a curvilinear stu ly Figure 2 plots the four articulation
progression wherem scores improve less and functions derived from these means and thus
less per decibel of stimulus elevation until an summarizes performance oni eaJi list during
asymptote, chart terized by almost perfect dis- each experimental session
_rmm:-ation, ;s reached This asymptotic re-
sponse is achiesed when the presentation has Tc m'cost notoss-rthy observation to be

2M' . isatmon level of -24 db made regarding tl,nse data is that they dupli-
cate very closely the picture yielded by normal

The foregoing features exhibit themselves hearing subjects Each of the four functions

10



TABLE VI
DTsernenwatlon score. obtained imth N U Auditory Test No 4 for subject,

writh condustive heanreq losses durinq first session (scores represct
percent of items correctly repeated)

Mei. s. de-xe~o Median deeatn oF de-t- -te.,

0 2 2 2 2 1 ) 1 9 4 2 1 2 0 1 1 ,

+ 78 71 112 122 110 9,54 12

+16 91 92'1 55 91, '20 55

+24 100 9s 0 12 100 99'0 102
+12 l00 91 G; o a "e '6 " 0,
+40 100 997 02 100 99 0 02

TABLE VII
Dvcnrnminatior scores obtained ,dth N. 1T Au•dtory Test No 4 for sobecte
with conductive hearing losvses durinq rete-t session (scores represent

peerent of items correctly repeated)

,ntI List 11
Senvtevn level . ... ..

atpeestv.1Averagfe Averageopeetton*Meda- Mean ,et.pMein • an eito

-4 8 97 G3 2 71 75
o Is 305 134 22 259 137

1 0 71, 741 92 74 703 1Oq
+16 96 939 49 96 940 48

+ 24 100 000 25 100 9 O' [ 20

4-92 100 990 12 lo 994 10

exhibits the configuration of a linear function Articulation functions for subjects with
which reaches saturat-on Moreover, the re- sensorineural loss
ailts at each sensaaton level are numerically

%ery close for the tIo groups True, the Tables VIII and IX, plus figure 3, sum-
conductives show slightly greater discrepancy marize the results for s•bjects with sensc.r-
between functlons from test to retest and from neural to-. One note, I'nmediatel' that these
list I to hlt I1. Also, as gaged by the average data have tNo close parallels with the data for
deviations, the homogeneity of responses at a the other tv o groups of subjetts and two major
given sensation level was shigt.tlj poorer for discrepancies therefrom
the subjects with conductive loss. but, again.
overage deviation' aire restricted sharply as As was lteo for the other two groups. the
the saturation region is invaded Again, to, four sets of data for sensorioeural subjezts
the slope of the linear se~trment of each function agree witb one another clo.elN True, they

a iearly 6 , per decibel change in presentation leviete lightly in the ibsolhle vilues isolved.
level bIt they yield articulation function' which

It



or are highly equivalent to one another in shape
.and location on the chart. Tha, any one of

90 the four configurations io characteristic of the
relationship between increase in iresentation

Soo level and imprgl ,eq ient is phonemic discritsina.
tior which thio group exhibits

0The second featum of similaritrist that,
o / reagain, the pattern hespeaks a saturation curve

60 .// In this i; stance, the linear segment continuesa i up to the point where the mean discrimination
so score is about fir0,1, the contoar being non.S/linear thereafter

o /The first discrepancy from findings with
o.-v--1-S', normal hearers and cases with conductive loss

t I_• T is that the articulation functiaons for sensori.]~ ~~ ~~~ /K ---- yt--•-s $T~ neural cases are much more gradual in slope

20 /and the transition to nonlhnearity occurs at a
lower mean discrimination score In conse-

, " quence of these two features, the nonlinear
upper segments of these functions do not flit-

I__L _L _L _A_ 1__ ten off to full saturation witlin the range of
-o 0 0 iu 32 00 presentation levels employed in the present

sEti M LEVEL N M study Mean discrimination scores at the +40

sensution level are approximately 9217, and
FIGURE 2 it appears likely from the contours of the four

Mean arti-Wt-on fonets o /do d by onduch- functions that the saturation asymptote would
ls. group for Itt. I and I during both test and retest be reached at a mean discrimination score of
.e.,sson 951, or slightly less (fig 3)

TABLE VIII
Dicrimtnatton scores obtained nith N U Auditory Test Na 4 for euhjerti
with sensortnesrol hearing losses during first session (scores represent

percent of items correctly repeated)

Lo.t I List ii
Senuut,sn leel-1___

of [reesitisn I Average Average
Meia Man d evi i~n o M ean -W.ata

0 11 125 68 7 70 56
- 8 31 354 138 27 35 154
416 60 620 132 52 55 8 141
+Z4 hi 700 12, '6 7j 111~
+32- 90 876 85 89 66 s 6
+40 1 3 920 62 I 96 I930 _6,9
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TABLE IX
Li•#si' iiiiiio'i coii sioftian- ii th N I Aittopy Test No 4 t0 s"•mett

, ttt~~o th .. ..... n-IOtt htttiml1 !- - dn-,tq •÷,t (• Soh , ,1no e ,,o(p t't t
In-t ut ot it ,•l ýn , vtj-ite ( t d)I

-r lis I t1-t I I
, n tn d an M d - & -on M ean deviation

ii 11ii 146 gj [ 01t~ 1
+ i't 476 t 2 1 25 8 17 7

-.2; 1,4 , 42 1 02 599 1?,

I-2 s1 lI• , , . ..

00 The secondl unique feature of the sensorn.
neural groupj i, that its ditscrimination scores

90 sere much more sariable at a given pitsenta
eton leoel ts..u sele thise of the other t~o

S goups This f.tt is revealed by the aserage
de .httions Vhich mere appreciablý greater for
the 'entsorinural subjec•s at most presentationSro leel, Obhuouslv, these results nthctat2 that
the •en-rineural ubjects smere a less borso-

p sogeneous group in their behatior than smere
either the normal hearer% or the sobjects mith

/ coiondu(tive loss seen in this .tuds This fact
is at least piartiatlly restionitith for the more
gr.tatd.tl 'slpe to the articulation function ot

40 /the sensorineural group
0* -*rL0 5515 Comparison of articulation functions/ --a-- sTs isist for the three groups

20 / The parallehlim and eiuinalenre in funcions
m for InComa] and a oII(to tilod s Is so gieat that0 It at)p)ears fill% 2ttitifhflile to ottept a (ni nIa-

tion Of tle data fo:, [tie-e ts•o groups ais the
a o o so. o z s basis f.r a gen.eral hed desiription . . the as-t

iSttot 'LEVEL IN on tiLtulation fuinittion characterizing N U And.
totL Test No 4 This description is 9i en

FIGtURE 3 graphplult as •cua'e A in figure 4, \sh(h
ht ot, n .imci~uai..i tsi, ot y,h - aseraige- all acores for these 32 subjects as
05 ire i listsl 0 h~ I o it d I I d iii ti i oth t ro t t- f o- te st e d s ith b o th lists h irin g th e touts eo p e ri.

mental si.,-ions This composite fUlstison

It
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Mea. arteat, o nlo,- /,-.- for NU Addoy Test No 4 der,,nd by
a--eraglag test a-d retest data ;-- s•.t .ist.

standi as the best estimate from present data crimination score approaches 75%, and that
of the relation to be expected when usmg N U. ,aturation is virtually complete at the +24 db
Auditory Test No 4 if the subject's capacity sensation level.
for phonemic dis, nimnation is not defective,
albeit he may exhibit hypoacousis The ;ahent It is ?gainst this frame of reference that
features of this function are that the slope of one should evaluate the articulation function
its linear segment is 5 6?; per decibel, that no for N U Auditory Test No 4 is yelded by
eidence of saturation ap!,ears until the dis- tl'e 16 subjects with sensor,neural loss This

14



comparison *equires averaging this group's ly, to achieve a test of phonemic discrimination
scores for both lists and for the two test ses- which would be useful in determining the slope
s0ons, as has been done in order to derive of a person's articulation function. They reveal
curoe B of figure 4 theft N.U Auditory Test No. 4 satisfies the

two requirements which such a test must pos-

The relations reviewed earlier stand out ses First, it must incorporate an articulation
sharply when one compares the two curves in function whose slope is linear over a substantial
figure 4 These two curves clearly belong to segment of its course, so that the value of the

the same family, but the curve for sensori- slope may be measured with reasonable preci-

neurals is charaterined by a linear segmsit slon Second, the degree of the slope must
with more gradual slope (31/ per decibel as vary from one type of subject to another since
opposed to 56', per decibel) Moreover, the there wou

t
d be no reason for undertaking to

transition to nonlinearity occurs with a lower measure the slope of the articulation function

mean discrimination score for the sensori- if it were invariant from person to person
,eurals (about 65%,) than for the other two

tpo- of subjects (about 751/) These two Before one proceeds to use NU Auditory

features combine to yield a cur%e for sensori- Test No 4, hoAever, he must know whether

neurals which does not achieve full saturation- its two parent lists are acceptably equivalent

i e, reach its asymptote, even at a presenta- to one another and whether unfortunate prac-

tion leele of +40 db sensation level This lat- tice effects accrue as the lists are repeated

ter lesel is 16 db greater than the j-
24 

db The assessment of these two factors, as re-

sensation level at whicn the curve for the other vealed by the data already described, con-

two groups exhibits full saturation. A final stitutes the next two sections of this -eport

+fforcoce involves the discrimination scores
associated with the plateau, or asymptote of Equivalence of list I and list Ii

saturation Ruling out occasional chance er- Figures 1, 2, and 3 reveal that the articula-
roes due to factors such as lapses of attention tion functions for list II are displaced slightly
normal hearers and sobjects with conductive to the right of the functions for list I These
loss were capable of achieving perfect dis- displacements suggest that the two lists differ
crimination smores so that the asymptle for systematically in such a manner that list II
their mean function is essentially at 100% requires slightly greater intensit' than list I
Although the mean asymptote for the sensori- for subjects to achieve the same discrimination
neural group was not reached in the present score, particularly throughout the linear seg-
study, extrapolation of curve B in figure 4 ment of the function Since this relationship
suggests that it would not have been found is found in the results obtained with all three
to exceed 94 or 95r',. This observation is not types of subjects, it becomes necessary to
an unexpected finding in view of the demon- evaluate its nitode and significance

strated clinical fact that some sensorineurals

do not achieve perfect phonemic discrimination Table X summari'es the pertinent facts for
at any level of word presentation Actually, it each group of ýabjects separately and for the
is rather astonishing that the mean discrmina- combination ot all three groups The table
tion at high levels for this group is as good as records the algebraic means of differences be-
it was found to be Clearly, the group exempli- tween discrimination scores for the two lists
fed sensorineural hypoacousis uncontaminated at each sensation lesel, as well as the probabili-
by dysacousic factors which would hase in- ty associated with the statistic yielded when
dependently disturbed phonemic discrimination the sign test was applied to the data for that

sensation level The instances in which these
The relationships illustrated in figure 4, probabilities were equal to or less than 05

and just discussed, have particular importance for a two-tailed test are marked with an
insofar as they bear on the purposes for which asterisk to help the reader evaluate the
N.U Auditory Test No. 4 was developed: name- significance of the findings
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TABLE X
Differences between meaons of discrnaloofioe scores for lists I and I1 at
the oeverol presentation levels, and the probabolity .. soc..ted aith each
difference a- d from the sign test (trest and retest data combined)

Normal Conductve Sensouneuia. All orours
Se-atin 1, iel hearers loss group loss greup combined
of yrrllo ___-

L, -L, I P Ln-L, P L, -L0 In L,-L 1 I= P

-4 (reltet -ly) 14 09 26' 02 16 10 25. 0005
0 83* 0001 40 0f 571 001 600 0 01

8 42 5 500 04 57' 03 50 0003

106 01 110 03 10 64- 03 23 10
24 01 10 -0s ,0 31" 05 08 10
12 -02 101-O0 10 04 10 00 10
40 4ttW only) 02 10 00 10 -10 10 --0 10

The relationsilps which appear in table X differences associated with lenels e;oklng
are clean cut The laigest differenýes betaean saturation responses exceeded 8', and none of
means occurred et sensation lenels of 0 ano these diffelences was statistically significant
-r 8 db for normal hearing and conductive loss at confidence levels more s11ingent than 10t'"•ues The sensorineural gioup is character- Thene facts support the conclusion that a real
ized by large differences not onlv at these tIo difference bet\aeon the too lists e',its but
sensation loveis but also at +16 and +24 db that it is apparent only when the level of
Tile foregoing relationships present an iote- presentation is low enough to keep the response
grated pIctura -lhen one remembers that nor- on the Pnear isegment of the subject's articula-
nlals and conductives ceased to show linear lion function
increase of discrimination scores with increase
in plsontation leNel above +8 db sensation Thos, othnr tngo s tieing q~avalcnt, the
level and that sensorineurals did not cease to score for list I may be expected to be better
show this linear increase until the •-24 db than for list 1I The difference to be expected,
sensation level Thus, the sensation le%eds at honeser is not large As can be seen in
vhich large alfferences appeared for each group table X, the average difference for all groups
are the sensation levels where the linear re- combined is only 60' at 0 db sensation lesel
lation betneen discrimination score and in- and 5 0', at +8 db sensation level Statistical
tensity of presentation las maintained As evaluation of these dMfferences by means of
soon as the presentation became high enough the sign test yields statistics lihose probabili-
to start evoking saturation responses, the mean tlies are less than 0003 These results give
difference betiseen scores with the txoo lists one high confidence in the reality of the dif-
decreased to a %ero small %aloe TVe relat,on- ference beteen lists, but they also highlight
ship mav be highlighted in another soay There the fact that the difference is not snumerically
.,re ten instonceo reported in table X in which great when evaluated in terms of the slope
the mean difference betceen scores for a that characterizes the linear portion of the
single group is greater than 2 5', All ten are articulation functions This slope, it lNll be
associates with tl. linear segment of an artic- recalled. is 5 6, per decibel for normals and
ulatinn function and in all cases the perform- conductives and 3 0', for sensorineurals
ance 'as better on list I The sign test yielded Therefore, the systematic difference between
a probability ýhlvh was equal to or less than lists in discrimination score is equivalent to
05 in seven of these instrcez s None of the a disptacement of betseen one and tmo decibels
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,in the intensiti scale Expressed thus, the scale Table X1 reports these csrrclatisns not
difference is no greater than the margin of un- only for each group of scbjects sepaliately, but
certainty which is assciated with establishing also for all subjects together at those sensation
a speech reception threshold, which is the bare levels ahere combining their results was ju.ti-
of reference from 'vhich sensation level is fiable
computed

The general conclusion which one may reach
These findings, plus the observation that from evamining table XI is that lists I and

the too lists have articulation functions with 11 are sufficiently interdependent to warrant

equivalent linear slopes, lead to the convictin their being considered as alternate forms of
that the two lists are interchangeable within a single exploisatory tool All correlations are

the margins of clinical precision These find- positive and most uf them approach or ex-
ings also warrant the conclusion that, provided ceed 80
one precaution is observed, it is legitimate to
use the two lists in research designed to On the whole, toe relationship revealed by

establi,,h the slopes of articulation functions the coofficient of correlation is least strong

This precautison is that only the several for lbs group of normal hearers, and at 0 db
scramblings of a single iist may be used to sensation level during the initial test session r

define the slope of a particular articulation is onyv 4• This particular correlation may be
function In other words, the alternate list attributed to the fact that the normal listeners

may be substituted only when a new set of used as subjects were unfamiliar v..th speech

conditions is intioduced for %Ouch a nes func- audi..metry at the outset of the study It will

lion is to be explored be recalled that 0 db sensation level was the
veiy first condition used during the initial

Another way of assessing the comparability experimentsJ session These subjects ap-
of the two lists is to consider the correlations parently experienced some uncertainty of re-

betaeen the discrimination scores obtained spcn-v auhl they became acclimated to the

wnth thee' Io t
0
-• -0d, c-efficxnts of oýr- test pusd1uc -ic suiequence, the correlation

relation were determined by the product dati g the very first test condition %tas oroba-
moment method for those sensation levels ly- bly poorer than it suould have been if they had
ing on the linear segment of the articulation been familiar with the basic technics of speech

function Use of this method seems appropri- audiometry Confirmation of this interpreta-
ate, since one may presume that the scores tion is found in two facts Farst, all other

encompassed by the linear segment of the coefficients for the normal group are higher
articulation function tie or an equal interval 'ban 44 by a noteworthy degree Second, the

TABLE XI

Coefficients of correlation (Pearson r) betucen lists I and 11 at sensation
levels uhere articlatifni functions z ere judged to be tinear

Condauctue 1Sunsorecrurl All crosv•
Nouent issrrs ius eoap I tes crst ombined

aessutisst. -
leve itt 2d itId ý 2d t 3d t 2d

-4 ti 71 1T90 jT 7. - -
0 44 7 82 11 71 , 1 71 '

Al 76 89 93

t1 - - 07 90 -

24 90. - as 92

1 7



tvo sets of data for the subjects with hearing mean dlicrimination obtained (luring the secoil

loss yielded high correlation at 0 ilb sensatioii session was practice per se or was famillariza-

level even (luring the first session The latter tlion with items in the test hsts Table XII

subjects had all taken several iiscriminatior presents the facts, however, which allow one to

tests luring earlier clinical examimatoný and evaluate the magnitude and statistical signifi-

'aere familiar before the experiment staited cance of the change at the five sen,ation lesels

aith the basic techni•s of speech audiomeirv eniptoyed during both sessons Mean discrimi-

nation score% for normal bearers an for the

It stll must be reiterated, however, that subjects with conductive loss improved during

normals also tended to exhibit slightly lou, the second session at senoiati,' levels of 0 and

correlatins betoeen lists under the other test +8 db by amounts which ranged from 3 2 to

tonhitions than ditd the other too groups At 6 3',; By contrast, improvements sere less

-4 lb sensation level, for example, r = 71 for than 2'; at the +16 db and less than 1'i at tie

normals and 90 and 78, respectively, for con- 4 24 and 4 32 tb sensation level% Result% for

ductises and sensorineural, This trend is the sensorineural group %,ere somoevhtat dif-

probably evidence that skill in phonemic di- ferent The largest shifts, ranging from 2 9 to

crinmation itself sAs% more homogeneous in 6.3', occurred at sen,atiun levels of +8, 1-6,

the normal heirers under study, so that, in anti A-
2 4 

do Improvements a, 0 and 7 32 itb

their case, chance factors exerted a greater sensation lenel were less thoa 2"

relat ve influence on the statistical outilsne

The importanie of this observation is that Only in four of all the foregoing instances

"mhen the transition to the testing of subjects did .tplication of the sgn tent yiehl statistics

uth hearing loss is made, the ellatonship to whose probabilities nere equal to or less than

L, espceted betsseer the two lius sý enhanced 05. and these four results aere ,litributed

This situation increa•se the confidence with haphazardly over three sensation levels and the

which these materiils may be used as alternate three types of subjects The positiveness of

forms when carrying on discrimination testing the aforementioned trend is oreatls enhani ed,

bonnever. when one consdlers the (oiimoned
In concluroin and summary, it is pertinent itaM for all three groups Hlere, the sign test

to point out that for all three groups combined. sieliei statistjcs vhlch nere significant at

the coefficients of correlation nere 84 at the 0002, 002, and 005 tesets of confiience at

-4 db, 77 and 85 at 0 db, and 92 and 93 siistion levels of -4, 0. and f 8 ib, repec.

at +-8 itb sensation level These results allow tivelt Of course, it msst i&so ne noted that

one to consilter lists I and II of N U Aiditorn the aon- Improvement on the ietest v.os less

"lest No 4 ss highly equivalent when used to itian 5', in each sf these three instances The

explore phonemic discrimination along the mean shifts iil score for the -- 24 and +32 db

,near segment of tI-c -rticulation function 4ensation lenel were very "s•all and the

I'test-retest relationships probabilitie, asociated with these differences

were greater tlan t0 in each case

Comparison of the results for the first ses-

,ion nith those obtained durng the secoid ses- One may reason from these re,ults that the

sion reveals two rel~tionships of impoitance effects of practice and familiarity did not con-

First, discrimination stores improved slightlv stitute major vontaminants to discrimination

daring the second session as gaged by the scores at least sithin the range of the ex-

raeaes of scores obtained at sensation levels posores employed in the present studs The

ws'here the articuln
t

ion function was linear mean changes obsersed o e- less thatini ouil

Seconit, test-retest reliability "as good have been caused be a one denibel increase in

presentation level Thus, the n',giituade of

In considering the first of these relation%, the observed shift is nPit sufficient to itestron

it is iiot possible to nay whether the prime rea- one's confidence in the discrimination score

son for the improvement which occurred in obtained whei a particular scrambling of either
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TABLE XII
Differences bet e n to ans of dzscrimination scores for th, test condition
and those for the retest eondition at the several presentation levels, and
the probability associated with inch dif'crenec as derived from the ston

test (data for lzsts I and I1 •iimibned)

Normal Condutn-e Sensonn, rat All groups
Senation 1et hea..rs loss group loss group combined
ot preoesiifl

T--T1 I P T, -T,, P T,-T-" P Ti-Tii P

o -3 2 ' 05 - 0 3 . 0 3 - 1 7 0 9 - 3 s ' o u2
8 -41 10 -37 tO -63" 02 -4' 002

16 - IV' 02 -13 10 -4-2 10 -- 2 4 005
24 0 10 02 10 -29 1o -- 11 IC

32 0" INI) 04 t a -1 o 10 -04 lO

TABLE XIII
Corffieienta of eorrelation (Pearson r) betireen test and retest at sensation

It ircs ithere articulation junetons were ulrdqed to be linear

1Condoniior OSnso.'rs' "I Alt groups
Sen.aion Normal hearers loss gmou toss group combhind

le ,,iList IW11 Wit I I.M••l 11 1,, ,t I I-1 List I Lvtt I!

040 67 6G 4i1 04 73 , t5
GO 74 -180 n 0st 78 6 SS1

24 j01 70 - -

hit mult be used a ecoii tUnic It also seems of the coefficients of correlation between test
proper to conclude that a sequence of repeti- 2,ores and the cetest scores Table XIII re-
tions of N U Auditory Test No 4 at progres. parts these coefficients for each group of sub.
sively higher presentation levels may safely be jeets, for each list separately, and at lbs
usedi in future experimentation without fear seaeral sensation levels below the region of
at irducing major shifts in the discrimination saturation
,ois betuiro ,xprures are O'iiilatin, P.n-
vided the amount of exposure does not exceed The picture Vwhich emerges is gratlif: ing
that employed in the present study Thin con- All coefficients for ýeparate grouas of ,uujet,ts
clusion, of course, presumes that the several are positive. The lowest coefficient to emerge
r..niomizations of the lusts wll Ibe used, since it is 40 for hst II Aidlministered to normals At the
is not safe to assume that the relations soild 0 db sensation level The other coefficents for
remain as here described if the word order the several groups of subjects ranged upuard
uere not being alt red from one presentation to 86 for the sensormeuralo at the J 8 db
to the next sensation lesel on the retest Moreover, shen

the data for all three groups were combined,
The question as to the rehiablhtý of lists I the coefficients of correlation betvween li-1i

and II is best approached through e\amination asl] retest snere found to It 65 and .91 at
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0 (it and •8 db enevation levels, respectively poorer on this list than on list I The remain-
The various values reported is table XIII are isg eight notials averaged 1 5,t better on
of the oeder of magiat.de which As generally hlt II, a'tch they heard after having been
cunsidered to itdicate good test-retest reblab.i- famliaried %ilth the testing technic through
to One maN therefore ronclude that in this use of list I E%idence of similar interaction
respect, too, N U Aiiditory Test No 4 has betýeen familiarization and test tlit is apparent
resealed satisfactor:- stability to A lesser degree at other levels and with the

other groups ef subjects The practical im-
Other relationships of interest plication of this observation for the clinician is

that the minor differences li the difficult) of
A variety of other relationships may be the too lists can be largely counteracttsl by

obsersed in the data at hanid Tao of thacseare usiang list I in the initial stages of an explora-
sorthy of brief discussion tion anti by re-erving list 11 for the final stages

The first of these is the effect exetedI bI A second observation is that individual dilf-
sebject sophliticatiosi As pointed out earlier, ferences in subject response appeared This
phonemic uýisrimiiation improves slighth, bth trend is revealed by the fact that discrimina-
expostire to test material,, and list I yields tion scores for each group of subjects tended
siighths higher discrimmatise scores than to atgn themselves siiilarly at different sensa-
list I1 One uould have expected these tmo tson levels encompassed in the linear segmepe,
effects to hase accumulated particularly sn- of the articulation function This fact is clearly
fasorabhl ahe,t list I1 ma- the first test given "', h.lv0 - the coefftcents of correlation
to isdiologicalh naive subjects Conserely, auth emerged ahen adjacent preseatation
the too effects should hase tended to cancel lesels for th, osveral hlst and the sesical
one another ohen the opposite order of pres- groups ot subjects are considered These co-
entation eas emplosed Such an outcome oc- efficitnts are reported in table XIV One notes
curred soith the normal hearing subjects that the coefficients are all positive and that
These people. it mill be recalledii. kcet prior they range trom 50 to 91 Values of this
experience mlth lspeech audotmetrs The eight magnitude indicate that systematic indvidual
tiot.,al•o ea•o, recetved list II first at 0 db sena- diffetenses are itcorporaied is the dajta suoon
tlion leve! in the initial session averaged 12 0', stuja

TABLE XIV
Coiffirients of cotrelation (Pearsroo r) betwiren ad)jocent ilese•tatior
letils but restricted to considertatioo of sensatition Iriels chce articulation

functions acre judged to be lnairt

toarn"a ] nd r'ti Sensoral All groupa
heters as eronup cs aro p, combned

08 j8 0 + i0 0 +-

last I -- 50 j -

La. II 05 71 7o
-, .d--io D - t

~il' 615701 soD - 80 5 -8 to
Lrst I ' ass 65 68 6 I
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OneC factor ohich Ositoubtedle contiihutes front inaccuracies, in estimating the SRT's fot
ini these s- teoaiLit irdinisoal differences is the two sessions, since errors of measurement
that mut,, error, of meast 'ment could not foi loose SRT's wonuhl lnt be evpeeted to be
help) hut be st~oked in dote, minitig the SliT'- aligned in the same order in the two instances
for the sartoio subjects These SitT', in turn,
besante the bases from uhich the sensation 4. CONCLUSION
le els for presenting the NV rUmterials sNere
specified To illustiate, tue persons, siih
Ideiitical articlaltioii furstions would teod to The foregoing discunsions lead one to be-
reseal ss stematic liopl-emeonts between their liese that NIT Auditory Te~t No 4 in a cola-
iliocrimiant,oi score, if their tests stre nst able audition to the array of mezterialo anailable

aditiitisered from Identical sen-ation tenets for measurement of phonemic dincrimination
becasse their SliT's hail not been specified subt ilcroons snith normal hearing, with conductive
complete i~ccracsx losses, and wvith soii,orinoural louses (con-

siidered both as separate groups and in the
This fast-r, ohilo undoubtedly insonod is composite) Nielded renults w~ith thin tent whtich

tno resulis reported in table XIV, is not the allow' one to state that liot I and lint 11 are
otilt ion hasing ann-flnnce The coefficients clousel ecItc.-aieni fox nis Both lists have good
of correlation for tesi-retest comparison' offer reliability ,is gaged by correlationst obtained
clear cienieice tiiat iruie sariation in ability to when test and retest data were compared Dif-
inake phionemic idistinctiotis also appeareii with- ferences; between the two lists and familiarity
'In each of the three groups of nubjectn with the test materials everted cmd% second-
(tible \111) The f.'ct th,,t these noirelaiionis order itifluence., on discrimination scores Sys-
,iie it. positine ait are relatinels tityn does iematic diffeinoces among inds,dalal sobjects
-'tsre than gino one conftdence in the re- appeared in all three groups utnder study
liabilits of N L. Auditolr, Test No 4 leiesltn These d~fferences are moot clearly apparent
of this kinid could hoe occurred onet if each when lists are administered at 'etisation levels
group tested also mi liiiei a soffisosnt range of where idiscrimination scores ,iie linearly related
abilities to allno prar~lleli'.o bet nen scores to sigtial intensity Hence, N U Auditory
obtaineit is the two test sessions to apper Test No 4 appears to be a Particularly promin-
C'learln, the correlations reporteid in table XIII in tool for determining the slope sf the linear
uontli not be especteid to hate resulted porols portion of in inilindual's articulutitin function
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